output as high as 120 mW. 

The concentration of Mg used to dope the first p-type cladding layer 14 is 
preferably adjusted to about 5 x 10'« an-» to 1 x 10'« cm '. If the concentration of Mg is 
lower than 5 x 10« cm ', a sufficiently high potential banicr cannot be provided against 
5 electrons in the first p-type cladding layer 14 so that the electrons injected from the n-side 
electrode overflow from the active layer 13 to the first p-type cladding layer 14. If the 
concentration of Mg is higher than I x 10'« cm"^. on the other hand, Mg is diffused from 
the first p-type cladding layer 14 to the active Uyer 13 to degrade the ciystaBine quality of 
the active layer 13. This may degrade the reliability of the semiconductor User device. 
10 Thus, in the semiconductor laser device according to the first embodiment, the 

first p-type cladding layer 14 is formed to have a relatively high resistance so that the 
diflRision of the current is less likely to occur in the first cladding layer. This reduces the 
threshold current and operating current of the semiconductor laser device, improves the 
temperature characteristic thereof, and allows a high-output operation thereof 
15 Although the first embodiment has used magnesium to dope the first p-type 

cladding layer 14 and zinc to dope the second p-type cladding layer 16, impurities used in 
the first and second cladding layers 14 and 16 may come in any combination provided that 
the carrier scattering eflFect is relatively large in the first p-type cladding layer 14 and 
relatively small in the second cladding layer 16. 
2 0 The first p-type cladding layer 14 need not necessarily be doped with Mg over the 

entire direction of thickness thereof It is also possible to dope the lower portion of the first 
p-type cladding layer 14 with Mg and dope the upper portion thereof with Zn. In the 
anangemem also, a current is diffused in the upper portion of the first p-type cladding 
layer 14 but the diflPusion of the current is suppressed successfiiUy in the lower poition 
25 thereof. Compared with the case where the fim p-type cladding layer 14 is doped only 
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with magneshim over the entire direction of thickness thereof therefore, the cuirent at a 
high density is injected into the active layer 13. 

In the first embodiment, a substrate made of p-type GaAs may also be used in 
place of the n-type substrate 11. 

Although the first embodiment has adjusted the composition of In to about 0.5 
each of the semiconductor layers made of AlGalnP to achieve lattice matching between the 
semiconductor layer and the n-type substrate 11, it is sufficient for the composition of In to 
be in a range not less than 0.45 and not more than 0.55. The arrangement allows each of 
thi semiconductor layers made of AIGalnP to be formed such that lattice matching 
achieved in the semiconductor layer and GaAs composing the n-type substrate 11. 

It is also possible to fonn a complex refraction index waveguide structure by 
using GaAs instead of AllnP as a material composing the first current blocking layer 18. 

The active layer 13 is not limited to tiie structure using tiie multiple quantum well 
layer 13a. The active layer 13 may be an active layer having a single quantum well 
structure in which only one well layer made of GalnP is formed or a bulk active layer 
having a single structure. 
-Fabrication Method of EMBODIMENT 1- 

A method for febricating tiie semiconductor laser device according to die first 
embodiment will be described witii reference to the drawings. 

FIGS. 4A and 4B and FIGS. 5A and SB show cross-sectional stiuctures of tiie 
semiconductor laser device according to tiie first embodiment in tiie individual process 
steps of tiie fabrication mefliod therefor. The description of tiie components shown in HGS. 
4A and 4B and HGS. 5A and SB which are the same as shown in FIG. 1 will be omitted by 
retaining the same reference numerals. 

First, as shown in HO. 4A. the n-type cladding layer 12, the active layer 13, die 



first p-type cladding Uyer 14, the etching stopper layer 15, a second-p-type-cladding layer 
forming layer 16A. a first-contact-Iayer forming layer 17A. and a cap layer 31 made of 
GaAs are groiw, successively on the n-type substrate 11 by. e.g., metal oiganic chemical 
vapor deposition (MOCVD). The cap layer 31 prevents the surface of the first-contact- 
i layer forming layer 17A from being oxidized during a period of transition to the 
subsequent photolithographic step. 

In the step of forming each of the semiconductor layers by MOCVD, each of 
triethylgalUum (TEG), trimcthylaluminum (IMA), and trimcthylindium (TMI) is used as a 
source for a group ffl compound and each of phosphin (PIfe) and arsine (AsHa) is used as a 
source for a group V compound. By using hydrogen as a carrier gas, these sources are 
introduced into a reaction vessel made of quartz. Under the conditions under which the 
inner pressure ofthe reaction vessel is about 1-0 x 10^^ Pa (about 76 Toxr) and the substrate 
temperature is about 750 'C, the individual semiconductor layers are deposited 
successively by crystal growth by properly switching the source being supplied and the 
amount of the source being supplied. By introducing, e.g., dimethylzinc (ZxiiClhh) or 
biscyclopentadienyl magnesium (C5H5),Mg) as a source for a p-type impurity during the 
crystal growth of each of the semiconductor layers, each ofthe semiconductor layers can 
be doped with a desired prtype impurity. 

N«9rt, as shown in PIG; 4B, the cap layer 31 is etched away and then a silicon 
oxide film for forming a mask pattern is formed on the first-contact-layer forming layer 
17A by CVD. the formed siUcon oxide fihn is patterned by photolithography and diy 
etching to form a striped mask pattern 32. 

Next, as shown in FIG 5A, the first-contact-layer forming layer 17A and the 
second-p-type^Iadding layer forming layer 16A are selectively removed in succession by 
etching using the mask pattern 32 so that the ridge-shaped second p-type cladding layer 16 



is fonned from the second-p4ypeK:laddiiig layer forming layer 16A and the first contact 
layer 17 covering the upper surface of the second p-type cladding layer 16 is fynmd from 
the first-contact-layer forming layer 17A. 

As an etchant for the first contact layer 17, a hydrochloric-acid-based etchant, e.g. 
i may be used appropriately. Selective etching of the second p-type cladding layer 16 can be 
performed by using an etchant having a high etching selectivity of AlGalnP to GalnP, such 
as a sulfiirio-acid-based etchant, so that the etching stopper layer IS as the underlying layer 
is hardly etched. This allows the second p-type daddii^ layer 16 to be formed into a ridge- 
sh^ed configuration. 

Next, as shown in FIQ. SB. the first and second current blocking layers 18 and 19 
are deposited successively by crystal growth on the etching stopper layer IS in such a 
manner as to cover the respective side surfaces of the second p-type cladding layer 16 and 
the first contact layer 17 and the upper sui^ of the mask pattern 32. Then, a lift-off 
process is performed with respect to the mask pattern 32 to remove the respective portions 
of the first and second current blocking layers 18 and 19 overlying the mask pattern 32 
simultaneously with the mask pattern 32, thereby exposing the first contact layer 17. 

Thereafter, the second contact layer 20 is deposited by crystal growth over the 
first contact layer 17 and the second current blocking layer 19, Subsequently, a metal 
material is vapor deposited on the lower side of the n-type substrate 11 by, e.g., electron 
beam vapor deposition to form the n-side electrode 21. Likewise, a metal material is vapor 
deposited on the upper side of the second contact layer 20 to fi>rm the p-type electrode 22. 
whereby the semiconductor laser device according to the first embodiment shown in FIG. 1 
is completed. 

The method for fabricating the semiconductor laser device according to the first 
embodiment is characterized by doping the first and second p-type cUddiAg layers 14 and 
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16 with diflferent impurities such that the first p-typc cladding layer 14 has a resistivHy 
higher than that of the second p-type cladding layer 16. The first p-type cladding layer 14 
is foiroed while it is doped ivith Mg. Tte second p-type cladding layer 16 is formed while 
it is doped with Zn. 

5 A method for fonning each of the semiconductor layers is not limited to MOCVD. 

Instead of MOCVD, molecular beam epitaxy (MBE) may also be used. 
VARIATION I OF EMBODIMENT 1 

A semiconductor laser device according to a first variation of the first 
embodiment will be described herein below. 
10 The semiconductor laser device according to the first variation of the first 

embodiment has the same stmcture as the semiconductor laser device according to the first 
embodiment shown in FIG. 2. except that Mg is also used as a dopant for doping the first 
p-lype cladding layer 14 in addition to Zn. The compound composition and film thickness 
of each of the semiconductor layers are the same as those shown in Table 1. The dopant 
15 and doping concentration in each of the semiconductor layers other than the first p-type 
cladding layer 14 are the same as those shown in Table 1. A description will be given 
herein below to the difference between the first variation and the first embodiment. 

The semiconductor laser device accordiiig to the first variation of the first 
embodiment is different from the first embodiment in that Zn is also used as a third 
20 impurity to dope the first p-type cladding layer 14 in addition to Mg. The first p^e 
cladding layer 14 is doped with Zn and ^^ such that the total concentration of Zn and Mg 
as the p-type impurities is about I x lO'' cm\ i.e., that the mixture ratio between Zn and 
Hgisl:!. 

When an AlGalnP-based semiconductor is doped witii Mg and Zn at a mixture 
25 ratio of 1:1, the mobility in the AIGalnP layer is sligfady higher than in the case where only 
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Mg having a laige carrier scattering effect is used to dope the AlGalnP layer. This is 
because, if a plurality of impurities are present in a semiconductor material, the scattering 
of carriers is greatly influenced by the concentration of a dopant species having a relatively 
large carrier scattering effect. Therefore, it may be said that, if Zn and Mg are used as p- 
i type dopants for doping a semiconductor made of AlGalnP, the carrier scattering effect is 
substantially determined by the concentration of Mg. Consequently, the resistivity of the 
first p-type cladding layer 14 has nearly the same value as in the case where Mg at a 
concentration of about 5 x lo" cm ' is used to dope the first p-type cladding layer 14. 

By doping the first p-type cladding layer 14 with Mg and Zn at a high 
concentration of about 1 x lO" cm"*, the potential barrier of the first p-type cladding layer 
14 to the active layer is increased so that the overflow of electrons injected in the active 
layer 13 into the first p-type cladding layer 14 is suppressed effectively Since the 
concentration of Zn is about 5 x lo" cm"', the diffusion of the impurities into the active 
layer 13 is suppressed. In particular, Mg having a low diffusion coefficient is hardly 
diflused into the active layer 13. Even if the doping concentration in the first p-type 
cladding layer 14 is increased to a value higher than in the first embodiment, therefijre. the 
amounts of the impurities diffiised into the active layer 13 ai% barely increased. 

Thus, in the semiconductor laser device according to the first variation of the first 
embodiment. Zn as a dopant having a smaller carrier scattering effect than Mg is used to 
dope the first p-type cladding layer 14 in addition to Mg as a dopant having a relatively 
large . carrier scattering effect. This provides a larger potential hairier against electrons in 
the active layer 13 than in the first embodiment, while retaining a high resistivity, and 
thereby improves the reliability of the semiconductor laser device. 

In the first variation of the first embodiment, the mixture ratio between Mg and 
Zn used to dope the first p^ cladding layer 14 is not limited to 1 : 1. » is also possible to 



increase the resistivity of the first p^e cladding layer 14 by incr«ising the ratio of Mg to 
Zn such that the diffiision of the current is further suppressed. 

The total concentration of Mg and Zn as p-type impurities is preferably in a range 
not less than 1 x 10» cm"' and not more than 5 x 1 o" cm' If the total concentration of Mg 
5 and Zn as p-type impurities is adjusted to I x lo" cm'' or more, a larger effect of 
suppressing the overflow of electrons than in the first embodiment is achieved. If the total 
concentration of Mg and Zn as p-type impurities is adjusted to 5 x lO" cm^ or more, the p- 
type impurities are difiused fiom the first p-lype cladding layer 14 into the active layer 13 
so that the reliability of the semiconductor device is degraded. 

In each of the first embodiment and the first variation thereof the combination of 
impurities used to dope the first p^e cladding layer 14 is not limited to that of Mg and 
Zn. Any combination of impurities may be used provided that either of the impurities has a 
larger carrier scattering effect than the impurity used to dope the second p-type cladding 
layer 16. 

VARIATION 2 OF EMBODIMENT 1 

A semiconductor laser device according to a second variation of the fii^ 
embodiment ivill be described herein below with reference to the drawings. 

FIG. 6 shows a cross-sectional structure of the semiconductor laser device 
according to the second variation of the first embodiment. The description of the 
components shown in FIG. 6 which are the same as those shown in FIG 1 will be omitted 
by retaining the same reference numerals. 

As shown in FIG 6, the n-type cladding layer 12, the active layer 13 having a 
multiple quantum weU structure, the first p-type daddtag layer 14, and the etching stopper 
layer 15 are deposited successively by aystal growth on the n-type substrate 11. A current 
blocking layer 41 made of n-type Alo.5lno4P ivith a film thickness of about 0.3 m and 
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formed with a stripe trendi portion and a second p^e cladding layer 42 made of p^type 
Ala35Gao:isInojP whh a film thickness of about 2 pm and having a lower portion thereof 
formed in a stripe configuration to fill the trench portion of the current blocking layer 41 
from thereabove are formed on the etching stopper layer IS. A first contact layer 43 and 
S the second contact layer 20 each made of p-type Gao.5In0.sP with a film thickness of about 
50 nm are stacked successively on the second p-type cladding layer 42, The n-dde 
electrode 21 is formed on the lower side of the n-type substrate 11, while the p-type 
electrode 22 is formed on the upper side of the second comact layer 20. 

The semiconductor laser device according to the second variation of the first 
10 embodiment is formed is a semiconductor laser device having a so-called inner stripe 
waveguide structure in which a current blocking layer is formed in a cladding layer. With 
the application of a specified voltage between the n-side electrode 21 and the p-side 
electrode 22, a current injected fix>m the p-type electrode is confined by the cuirait 
blocking layer 41 to reach the active layer 13 and cause radiative recombination so that 
15 laser beam oscUlation at a wavelength of about 650 nm corresponding to the band gap of 
the well layer of the active layer 13 occurs. 

In contrast to the first embodiment which has formed the second p-type cladding 
layer 16 into a ridge-shaped configuration so that the film thickness thereof is limited by 
the width of the upper ridge portion, the second variation of the first embodiment can 
20 increase the film thickness of the second p-type cladifing layer 42 by forming the imier 
stripe waveguide stoucture. As a result, the distance between the active layer 13 and the 
second contact layer 20 can be increased so that an absorption loss resulting from the 
absorption of the laser beam osdUated from the activ«i layer 13 by the second contact layer 
20 made of GaAs is reduced. 
?5 Since the first p-type cladding layer 14 is doped with Mg at a concentration of 
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about 5 X 10" cm-^ and the second p-^ cladding layer 42 is doped with Zn at a 
concentration of about 1 x lO" cm"* in the semiconductor laser device according to the 
second variation of the first embodiment, the ineffective cwrents resulting from the 
diffusion of the currents in the first p-type cladding layer 14 can be reduced by increasing 
5 the resistivity of the first p-type cladding layer 14 and the series resistance of the 
semiconductor laser device can be reduced by increasing the doping concentration in the 
second p-type cladding layer 42. 

The second variation of the first embodiment is not limited to the structure using 
only Mg as the dopant for doping the first p-type cladding layer l4. It is also possible to 
use Mg and Zn in combination. By doping the first p-type cladding layer 14 with Zn and 
M& it becomes possible, to moease the potential barrier against electrons in the active 
layer 13, while holding the resistivity of the first p-type cladding layer 14 high, so that the 
reliability of the senuconductor laser device is improved. 
EMBODIMENT 2 

The second embodiment of the present invention will be described herein below 
with reference to the drawings. 

FIG. 7 shows a cross-sectional structure of the semiconductor laser device 
according to the second embodiment. The descrq)tion of the componems shown in FIG. 7 
which are the same as shown in FIG. 1 wiU be omitted by retaining the same reference 
numerals. 

As shown in FIG. 7, an n-type cladding layer 52 made of n-type Alo jGao sAs with 
a thickness of about 2.5 ^m, an active layer 53 haviiig a multiple quantum well structure, a 
first |>.type cladding layer 54 made of p-type Alo.3Ga<,.sAs with a film thickness of about 
0.1 Mm. an etching stopper layer 55 made of p-type Alo.2Gao.8As with a film thickness of 
about 10 mn, and a second p-type cladding layer 56 made of p-type Alo.5Gao.5As with a 



film thickness of about I lun and formed into a ridge-shaped configuration are deposited 
successively by crystal grotvth on an n-type substrate SI made of n-type GaAs with a 
thickness of about 100 pm. A current blocking layer 57 made of n-type Alo.6Gao.4As xntb a 
film thickness of about 0.7 pm is formed on the etching stopper layer 55 to cover the side 
. surfaces of the second p-type cladding layer 56. A contact layer 58 made of p-type CJaAs 
with a thickness of about 3 pm is fonned over the current blocking layer 57 and the second 
p-type cladding layer 56. 

An n-side electrode made of an alloy containing. c.g., Au, Ge, and Ni is formed 
on the lower side of the n-type substrate 51 to make ohmic contact therewith, while a p- 
Side electrode made of an alloy containing, e.g., Cr, Pt, and Au is formed on the lower side 
of the n-type substrate 51 to make ohmic contact therewith. 

The active layer 53 is composed of a multiple quantum well layer S3a consisting 
of well layers each made of undoped GaAs with a film thickness of about 3 nm and a 
barrier layer made of AlojGaaTAs with a film thickness of about 8 nm, which are 
alternately stacked; and upper and lower optical guide layers 53b each made of 
Alo.3Gao.7As with a film thickness of about 20 nm and having the multiple quantum well 
layer 53a interposed therebetween. 

In the semiconductor laser device according to the second embodiment, the active 
layer 53 has a multiple Quantum well structure having a band gap corresponding to a 
wavelength of 780 nm. If a current passbg through the current blocking layer 57 has 
reached the active layer 53. a laser beam at an osdUatii^ wavelength of 780 nm is emitted 
therefi-om. 

Table 2 shows specific dopant species and doping concentrations in the individual 
layers of the semiconductor laser device thus constituted. 
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Table2 



Semiconductor 
Layer 


Thickness 


Compound 
Composition 


1 Doping Conditions 


1 Dopant 


i Concentration (cm*^) 


Contact Lay€^ 


3 fan 


GaAs 


Zo 


j 2 X 10" 


Current blocking layer 


0.7pm 


Alo^aQ,4As 


Si 


1 1 X 10'» 


2nd p-Tjpe Cladding 
layer 


1 pm 


Alo.5Gao.5A$ 


Zn 


j 2 X 10" 


Etching Stopper Layer 


10 nm 


Alo.2Gao.9As 


Zn 


1 X 10'* 


1st p-T3pe Cladding layer 


O.lfim 


Al0.sGa0.5As 


C 


1 X 10'* 


Active Layer 

Quantum Well Layer 
Well Layers 
Bairier X^v^ ■ 
Optical Guide Layers 


3 nmEach 
20nmEadi 


GaAs 
AlojUao,7As 1 
AI«ii3Gao.7As 1 






n-Type Cladding layer 


2.5 pm 




Si j 


1 X 10" 


n-Type Substrate 


100 pm 


GaAs 1 


Si i 


1 X 10" 
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As shown in Table 2, the first p-type cladding layer 54 uses caibon (C) as a p-type 
dopant and each of the etching stopper layer 45, the second p-type cladding layer 56. and 
the contact layer 58 uses zinc (Zn) as a p-type dopant in the semiconductor laser device 
according to the second embodiment. The doping concentration in the first p-type cladding 
) layer 54 is about 1 x lO^' cm^ while the doping concentration in the second p-type 
cladding layer 56 is about 2 jc 10» cm'. As an n-type dopant, silicon (Si) at a 
concentration of about 1 x lo" cm'' is used. 

The second embodiment is characterized in that carbon is used as the dopant (first 
impurity) for doping the first p-lype cladding layer 54 and Zn is used as the dopant (second 
impurity) for doping the second cladding layer 56. Consequently, the resistivity of the first 
p-type cladding layer 54 becomes higher than that of the second p-type cladding layer 56 
so that sidewisc ineffective currents flowing in the first p-type cladding layer 54 ai% 
reduced without increasing the series resistance of the semiconductor laser device. TWs is 
because, if a comparison is made between the respective cases where an AlGaAs-based 
semiconductor is doped with carbon and zinc, caibon giveis greater influence than zinc on 
the mobility of carriers in the semiconductor. 

Accordingly, the carriers injected into the first p-type cladding layer 54 becomes 
less likely to be diffiised therein, in the same marnier as in the first embodiment, so that a 
current is injected efficiently in the active layer 53, while the resistivity of the second p- 
type cladding layer 56 can be reduced by doping the second p-type dadding layer 56 to a 
high concentration of 2 x lO" cm'. This reduces the threshold current and operating 
current of the semiconductor device and provides a high-output semiconductor device. 

If Mg is used as a p-type impurity in an AIGaAs-based semiconductor, a problem 
termed delayed doping in which the semiconductor is not doped with Mg even after the 
supply of a source ««• Mg is initiated or a problem termed memory effect in which the 
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semiconductor is doped continuously l*ith Mg even after the supply of the souive for Mg is 
hahed occurs so that a specified doping concentration is not obtained. Therefore, the 
second embodiment has not used Mg as a p-rype impurity. 

The second embodiment is not limited to the structure using only carbon as a p- 
type impurity for doping the first p-type cladding layer 54. In addition to carbon. Zn may 
also be used 88 a third impurity. The arrangement increases the impurity concentration 
the first p-type cladding layer 54, while keepimg the resistivity thereof relatively high, 
that the overflow of electrons jftom the active layer 53 into the first p-type cladding layer 
54 is prevented effectively. 

The second embodiment is not also limited to the structure having a ridge stripe 
waveguide in which the second p-lype cladding layer 56 is formed into a ridge-shaped 
configuration on the first p-type cladding layer. The second embodiment may also assume 
a structure having an inner stripe waveguide. Specifically, a current blocking layer having 
a stripe trench portion is formed on the first cladding layer 54 and the second p-1ype 
cladding layer 56 is formed appropriately to have a siripe lower portion for filUng up the 
trendh portion in the current blocking layer. 
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